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SUMMARY

Tests were conducted to determine the properties of (a) several
untreated commercial cotton-febric phenolic sheet laminates, (b) the
same laminates after exposure to a typlecal postforming heating cycle,
(e¢) industrially postformed shapes made from one of these materials,
(d) industrially molded and leboratory-molded shapes, end (e) flat
panels postformed in the laboratory from the laboratory-molded shapes.
Tensile properties, flexural properties, and water absorption were
determined.

In general, the tensile strength of the sheet laminstes varied
from 8,0QO to 12,000 psi, the tensile secant modulus varied from

0.8 x 10° to 1.3 X lO6 psi for the stress range 0 to 2,500 psi, the
flexure strength varied from 15,000 to 26,000 psi, and the flexure

modulus varied from 0.7 X 108 to 1.2 x 106 psi. Most of the materi-
als showed directional variations in strength when tested parallel

to, perpendiculer to, and at 45° to the werp yarn in the face ply of
the fabric. In general, the lowest strength values were obtained in
the 45° direction. There was some indication that for those materials
in which the tensile strength and modulus were grester in one direc-
tion, the flexural strength and modulus were also greater in that’
direction.

In general, heating the laminate sheets in oil at 375° F up to
120 seconds or in air at 400° F up to 5 minutes, as wss done in the
postforming operation, resulted in slight changes in dimensions. The
thickness increased as rich as 3.5 percent and the length and width
decreased as much as 1 percent with one exception, in which case the
thickness increased 14 percent. The flexural strength decreased less
than 12 percent in most cases.

Industrial postforming decreased the strength of the flat sec-
tions of the postformed parts less than 15 percent in most cases.
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The water absorption did not change appreciably for the flat sectlons,
but increased approximately 20 percent for a 30° curved. section and
approximately 50 percent for a 90° curved section.

The strength of industrially molded parts was significently less
than that of similar sheet laminates. The tensile strength of the flat
sections was less by an average of approximately 35 percent and the
flexural strength, by an average of approximately 20 percent.

The flexural strength and modulus of the flat sections of laboratory-
molded V-panels were equal to or slightly grester than those of similar
sheet laminates. In general, postforming did not apprecisbly affect the
strengths of the formerly flat sections of these panels. The results
differed for the postformed 45° and 90° curved sections, depending some-
what on the side of the material under tension during test and on the
orientation of the warp yarn in the top layer of fabric. In most cases,
the flexural strength of these formerly 45° curved sections was equal to,
or not more than approximetely 4O percent less than, the flexural strength
of the flat sections, and the strength of the formerly S0° curved sections
was equal to, or not more than approximately 25 percent less than, the
strength of the formerly 45° curved sections.

The water sbsorption for the 45° and 90° curved sections of the
laboratory-molded panels was egual to or less than that for the flat
sections. After postforming, in general, the sbsorption was not changed
appreciably for the flat sections but was as much as approximately 25 per-
cent higher for the formerly 45° curved sections and as much as approxi-
mately 50 percent higher for the formerly 90° curved sections.

INTRODUCTION

The first known literature reference to the fact that cured phenolic
laminates can be formed when hested is contained in a footnote to a table
in a paper published in 1922 by Dellinger and Preston (ref. 1). They
stated that thin sheets could be pressed to simple shapes when warm. How-
ever, the art and commercial application of postforming phenolic laminates
was developed within the last 15 years. Postforming wes developed and
used extensively, especislly in the construction of alrcraft components,
during World War II. One of the foremost early workers with this tech-
nique, Beach (refs. 2 to 7 and ref. 8 by Nash and Beach), refers to the
process as thermoelastic forming of laminates. Types of laminates partic-
ulerly suited for postforming, methods of postforming, and applications of
postforming have been described by varilous investigators (refs. 9 to 17).
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The fact that phenolic laminates can be postformed points out
forcefully that thermosetting plastics are to some extent thermoplastic.
Fully cured standard grades of phenolic laminates in thin sheets become
soft and pliable at elevated temperatures and can be formed into simple
shapes. However, forming is easier, more complicaeted shapes can be made,
and improved results are obtained if appropriate modifications are made
in the resin and fabric used. The resin may be modified to obtain a wide
renge of flexibility at the temperature of forming (ref. 8); the use of
undercured stocks is not recommended by Beach (see ref. 8). Fabrics that
stretch more, without rupturing, than the ducks commonly used in plastic
laminates may be used (ref. 18). With a suitably formuleted resin the
%imitin% factor in forming is the smount the fabric can be stretched

ref. 8).

This report presents date on the properties of (a) several commer-
cial postforming cotton-fabric phenolic leminstes, (b) industrially post-
formed shepes made from one of these materials, (c¢) industrially molded
shapes made from a similar base fabric and resin, and (d) laboratory
postforming stock, molded shapes, and postformed shepes made from the
same lot of resin-coated fabric used by one of the manufacturers to
meke one of their commercial postforming stocks.

This investigetion was conducted under the sponsorship and
with the financial assistance of the National Advisory Committee for
Aeronautics. The cooperation of the Continental-Diamond Fibre Co., the
Formlca Co., North American Aviaetion, Inc., the Richardson Co., the
Synthane Corp., and the Westinghouse Electric Corp. in supplying mate-
rials for use in this investigstion is greatly appreciated. The assist-
ance of Mesdames R. H. Thomeson, R. E. Mann, and M. Jorgensen in con-
ducting the tests and of Mr. John Mandel in advising in the statistical
analysis of the date is gratefully acknowledged.

MATERTATLS

The materials used in this lnvestigation are listed in table I. The
saeme stock of resin-impregnated fabric was used in samples SB2, SCl, SC2,
MCl, and PCl (code explained in the footnote, teble I). ILikewise, samples
SB3, SC3, MC2, and PC2 were prepered from a single stock of resin-impregnated
fabric.

The following deta were supplied concerning materisls furnished by
source B. The materials were molded in a hydraulic press with steam-
heated platens. The molding temperature was measured by & thermocouple
placed in a cushion one-twentieth of the distance between the laminate
and the press platen. Sheets SB2 and SB3 were molded at 1,100 psi.

Sheet SB2 was held in the press for 15 to 30 minutes after reaching 160° .
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Sheet SB3 was held in the press for 30 minutes after reaching 153° to
1550 C. Angles MBl and channels MB2 were molded at 2,000 psl for 30 min-
utes after the molding tempersture of 160° C was reached. The platens
were ccoled rapidly by circulating cold water. The outer faces of sém-
ples MB1 and MB2 were machined to the indicated dimensions.

The samples made at the Nebional Buresu of Stendards were molded in
a hydraulic press with steam-heated platens. In the L-ply samples, the
warp yerns of the two center plies were parallel to each other and per-
pendicular to the outer plies, resulting in the outer plies being parallel
to one another. In the 9-ply samples, the warp yarng of the two outer
plies were parallel to one another; adjacent plies were perpendicular to
one another throughout the panel. In the 16-ply samples, the warp yerns
of the two outer plles were parsllel to one another; adjacent plies were
perpendicular to one another except for the two center plies which were
parallel to one enother. The temperature during molding wes measured
with a thermocouple placed between plies of the sheets. The layers of
resin-impregnated fabric were placed in the press and the temperature
wes raised to 153° to 155° ¢ in 15 minutes end maintained there for
30 minutes. The platens were cooled rapidly by circulating cold watber.

The pressures used for molding the varlous samples at the National
Bureau of Standards were as follows:

Semple Pressure, psi
Sheets SC1 200
Sheets 8C2 1,000 '
Sheets SC3 500
Molded V-panels MCl 1,000
Molded V-panels MC2 1,000

Sample SC3 was molded so as to obtain a laminate duplicating sample SB3,
which was made with a molding pressure of 1,100 psi. However, a pressure
of 1,000 psi caused an excess of resin to run from sample SC3. The dupli-
cation was therefore attempted on the basis of density and i1t was found
that a pressure of 500 psi produced a leminate with a density similar to
that of the SB3 sample materlal.

The V-sections, samples MCl and MC2 illustrated In figure 1, were
molded in l/l6-inch thickness from four plies of resin-impregnasted fabric
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by using = steel mold. Three types were made, vaxrying in the orientation
of the warp yern of the outer plies with respect to the lengthwise direc-
tion of the molded V-section; the R designation (table I) indicates par-
allel orientation, the S designation, L45° orientation, and the T designa-
tion, perpendilcular orientation. After laminating, the edges were trimmed
and the panels were stored at 25° C and 50-percent relative humidity for
at least 96 hours before postforming. Some of these samples were post-
formed into essentially flat sheets, samples PCl and PC2.

POSTFORMING

Samples MCL and MC2, molded V-panels, were postformed into essentially
flat sheets by heating in a circulating-air oven, removing, and pressing
between hardwood blocks in an arbor press for 30 seconds. The pressure
was applied less than 5 seconds after removal from the oven. The temper-
atures and times used were slightly below those that would produce blis-
tering as determined by trial experiments. Sample MCl was heated for
180 seconds at 204.5° C (400° ¥) and sample MC2 for 60 seconds at this
same temperature. The resulting f£flat panels, semples PCl and PC2, made
from the V-sections had slight ridges along the former lines of curvature.
The deviation from fletness of these ridges was less than 0.010 inch in
most cases.

The PGl chamnels and PG2 angles were postformed from sample SBl by
heating in a circulating-ailr oven at 274° + 14° C (525° + 25° F) for 55
to 60 seconds and molding between hardwood blocks. The postformed parts,
samples PGl and PG2, and their respective blanks, cut from sample SBl, are
shown 1n figures 2 and 3, respectively.

HEAT TREATMENTS

The effects of the heating conditions used in postforming were deter-
mined by heating specimens of samples SA1l, SA2, SBl, SD1, SELl, SFl, and
SF2 by two different methods. In one method the materials were placed
in a circulating-asir oven at 204.5° C (400° F) for the period of time
indicated 1n tables IT and III. In the other method the materials were
immersed in oil at l90.5° c (3750 F) for the period of time indicated in
tables IT and IV. In some of the latter tests, SAE 20 lubricating oil
containing 10 percent sulfur was used; in other cases, Markol paraffin
oil was used. The longest period of time used was slightly less than
that required to produce blistering of the materisl.
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SAMPLING PROCEDURE

The specimens for all tests of samples SAl, SA2, SD1, SFl, and SF2
were cut from a single sheet of each material. Since sample SBl con-
sisted of blanks cut for forming, the largest about 8 by 9 inches, as
shown in figures 2 and 3, sroups of specimens for a test were composites
taken from three of these nominally identical blanks. The tensile test
specimens of sample SEl were taken from. one sheet and the flexural test
specimens from another. TLarge pieces of these samples were subjected
to the heat treatments before being cut into test specimens.

The specimens for all the tests of samples SB2-8X, SB2-4X, SB3-8Y,
end. SB3-4Y were also cut from a single sheet of each material. For sam-
ples SB2-16X and SB3-16Y, the sheets were cut into halves, one-half of
each sheet was then cut in half, and sets of specimens were taken from
each of these three parts.

Sets of test specimens were cut from semples SAl, SA2, SBl, SBz2,
SB3, SDl, SEl, SFl, and SF2 in each of three directions. The lengths of
the test specimens were either parallel to, perpendicular to, or at 45°
to the warp yarn in the fabric of the face ply.

Five tensile specimens in the parallel direction only and five flex-~
ursal specimens in each of the three directions were cut from each sheet
of samples SCl, SC2, and SC3 es illustrated in figure 4. One sheet each
of SCl and SC2 and two sheets of SC35 were tested.

Four flexural and two tensile specimens were cut from each of the
three sides of two samples of channels MB2-16, MB2-8, and MB2-4. Six
flexural and two tensile specimens were cut from each of the two sides of
two pleces of angles MBl-16, MB1-8, and MBl-4. The specimens were cut
from samples MBl and MB2 so that the lengthwise dimension was parallel
to the length of the chamnels and angles. The orientation of these spec-
imens is illustrated in figure 5.

Six flexural specimens were cut from each panel of samples PCl and
PC2 so that the lengthwise direction of the specimens was perpendicular
to the axis of the V-section originslly molded in the sheets. Since the
flattened V-sections had slight ridges at the site of the former curva-
tures, the flexural specimens had three ridges across each one. Drawings
of the V-sections before and after postforming are shown in figure 6.
The flgure shows that the two outer ridges were obtained-by flattening
45° bends and the immer ridge by flattening a 90° bend.

Water-absorption specimens, 0.5 by 1.5 inches, were cut from strips,
1.5 inches wide, of samples MCl, MC2, PCl, and PC2 so that three types
were produced. One type was cut from a flat sectlon outside the V-area.
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A second type was cut with a Y5° bend or a ridge resulting from a flattened
45° bend along the longitudinal center line. The third type was cut with

g 90° bend or a ridge resulting from a flattened 90° bend along the longi-
tudinal center line. For these measurements, panels of samples MCl and
MC2 were cubt crosswise to the longitudinal axis of the V-section into two
pileces; one piece was cut into test specimens, and the other plece was
postformed flat, giving panels of PCl and PC2, and then cut into test
specimens. Consequently, test specimens both before and after postforming
were cut from the same panels.

Water-absorption specimens, 0.5 by 1 inch, were cut from PGl chennels
and PG2 angles with the axis of the curved section parallel to the l-inch
dimension.

METHODS OF TEST

Tensile Tests

The tensile properties were measured in accordance with Method
No. 1011 of Federal Specification I-P-406a (ref. 19) except that the rate
of head separation was maintained at 0.05 inch per minute throughout the
test. Load-extension curves were obtailned on a Southwark-Templin auto-
graphlc recorder which was operated by a Southwark-Peters plastics exten-
someter mounted on the specimens. The tests were made on a universal
hydraulic testing machine using ranges of 0 to 240 pounds, O to
1,200 pounds, or O to 2,400 pounds. The test specimens conformed to
type 1 of Method No. 1011.

Flexure Tests

The flexural strength and modulus of elasticity in bending (flexu-
ral modulus) were measured in accordance with Method No. 1031 of Federal
Specification L-P-406a (ref. 19) using the O- to 240-pound renge of a
universal hydraulic testing machine. The tests were conducted at a span-
depth ratio of 16:1 using the equipment described in reference 20 and
pictured in reference 21. The load-deflectlon curves were obtained on a
Southwark-Templin autographic recorder which was operated by a Southwark-
Peters plastics extensometer. The supports and loading nose of the Jig
were rounded to a radius of 1/52 inch. The test specimens were 0.5 inch
wide and 5 inches long.



8 NACA TN 3825

Water-Absorption Teésts

The water-asbsorption tests were made in accordesnce with Method
No. TO31l of Federal Specification L-P-406a (ref. 19), except that it was
found necessary to reduce the size of the specimens. The speclimens of
samples SBl, PGl, and PG2 were 0.5 by 1 inch. The specimens of sam-
ples MCl, MC2, PCl, and PC2 were 0.5 by 1.5 inches.

Conditioning
All specimens were conditioned at least 48 hours at 25° C and
50-percent relative humidity prior to testing end were tested at the
same conditions.
Statistical Calculations
The variability of experimental results, which includes both test
error and variability among dlfferent specimens of the same material,

is expressed in most cases in terms of the coefficient of veriation C.V.
calculated by the following formule (ref. 22):

C.V. = VX (dif/(n - x 100

where

A aversge result

c.V. coefficient of variation, percent

ds deviation of individual result 1 from average
n number of test results

The standard error of the average was calculated according to the

formula
S.E. =\/Z (di)g/n(n - 1)

The results obtained were analyzed statlsticelly to determine whether
observed differences were significant.
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RESULTS

Initial Propertles of Sheet Materilals

The tensile strength, tensile modulus of elasticity, and strain at
failure of cotton-fabric phenolic sheet laminates are presented in
tables V, VI, and VII, respectively. The flexural strength and flexural
modulus of elasticlty are presented in tebles VIII and IX, respectively.

The averege tenslle strengths of the flat sheets in all directions
were in the range of 8,000 to 12,000 psi, except for the samples SF1l and
SF2 which were higher in the lengthwise direction (table V). Some of the
materials did not show any apprecisble directional varistion in tensile
strength; in some materials, the tensile strength in the 45° direction
was ag much as approximately 25 percent less than that in the lengthwise
and crosswise directions, and, in others, the tensile strength in both
the h5° and the crosswise directions was less than that in the lengthwise
direction. For the SFl and SF2 materials, the tensile strengths were
approximately 40 to 50 percent less in the 45° and the crosswise direc-
tions than in the lengthwise. TFor some materisls, certaln thicknesses
showed directional varistions with respect to tensile strength whereas
other thicknesses of the same materiel did not. There was no consistent
indication of variatlion of tenslle strength wilith the thickness of the
laminate for a gilven sample.

The average values for tensile modulus (teble VI) over the stress
range of 0 to 2,500 psi ranged from approximately 0.8 x 10° to
1.3 x 10° psi. TIn most cases, those materials exhibiting higher tensile
strengths in one direction also exhibited higher tensile-modulus values
in the same direction. The modulus in the 45° and crosswise directions
was less than that in the lengthwise direction by as much as approximately
30 percent.

The values for strain at failure (table VII) differed widely for
the materials tested, from average velues of 1.7 to T.5 percent. There
was no consistent behavior wilth respect to the direction of werp yarn or
to tenslle strength or tensile modulus.

The average values obtained for flexural strength (teble VIII) varied
from approximately 15,000 to 26,000 psi. Directionsl variations in flex-
ural strength were usually observed in those materisls in which variations
in tensile strength had been observed. In some cases, there was no sig-
nificant directional effect for flexural strength; in some cases, the
strength was less by as much as approximately 20 percent in the 45° direc-
tion only; and, in others, the strength was less in both the 45° and cross-
wise directions. However, as in the tensile tests, the SFl and SF2 mate-
risls showed high strength values in the lengthwise directlons and sig-
nificantly lower values for the 45° and crosswise directions.
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The average values for flexurgl modulus of elasticity (table IX)
ranged from approximately 0.7 X 10° to 1.2 x 106 psi. Agein, as in
tensile properties, in most cases those materials showing directioneal
variations in flexural strength exhlbited directional varlations in the
flexural modulus. The values obteined for the modulus for the transverse
directions were as much as approximately 30 percent lower than those
obtalned for the lengthwise direction, and, in a few cases, were as much
as approximately 10 percent higher.

Propertles of Heat-Treated Sheet Materlals

The dimensional changes on heating, the effects of heating 1n air
on the flexural properties, and the effects of heating in oil on the flex-
ural properties of the sheeet materlals are presented in tables II, ITII,
and IV, respectively.

The actual meassurements of the dimensional changes (table II) are
significant to 0.2 percent, but observed differences of less than 1 per-
cent are not considered to reflect real differences in the materials.

The heating of laminate sheets in oll at 375° F up to 120 seconds resulted
in only slight increases in thickness in most cases, verying up to approxi-
mately 3 percent, with no significant changes in others. In one materlal,
SF1l, the thickness increased approximately 14 percent. In most cases,

the decrease in length or width was too small to be statistically sig-
nificent. However, in view of the consistency of this effect, it is
belleved that, although small, the decrease caused by hesting is real.

Heating the laminate sheets in air at 400° F up to 6 minutes also
resulted In only slight increasses in the thickness, the highest increase
being 3.5 percent. In most cases, there was no significant change in
the length or width during the heating cycle, but, as above, the con-
sigtency of the small changes would indicate a smsll but real decrease.
Semple SA2-16 warped considerably during both heat treatments.

Heating the sheet laminstes in air up to 6 minutes also decreased
the flexural strength less then approximately 10 percent (table III).
The flexural modulus of elasticity decreased less than approximately
20 percent in most cases.

The I1mmersion of the laminates in the hot o0il up to 120 seconds
decreased the flexural strength less than 12 percent in most cases. The
flexural strength of sample SFl decreesed more when immersed in a Markol
paraffin oll than when immersed in the lubricating oll. The effect of
varying the composition of the immersing fluid was not studied further.
In most cases, the decrease in flexural strength was accompanied by a
decrease in flexural modulus of elasticity. In a few isolated tests,
however, heating increased the modulus slightly.
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Effect of Industriel Postforming on Properties
of Flat Sections

Sample SBl1-16 was teken from production materiels being used to
postform ammunition chute parts. The mechanical properties of flat sec-
tions cut from two of these postformed parts, samples PGl-16 and PG2-16,
were determined and are reported in table X. The water asbsorption of
flat sections cut from semple SB1-16 and of flat and curved sections cut
from semples PGl-16 and PG2-16 are also reported in table X.

Postforming resulted in a slight decrease 1n tensile strength and
tensile modulus and .a slight increase in strain at failure for sample PGl,
which was tested only in the lengthwise direction. The flexural strengths
of both postformed samples PGl and PG2 decreased in all three test direc-~
tions. The average decrease in flexural strength for the PGl specimens
was approximately 13 percent, whereas the average decrease for the
PG2 specimens was only 4 percent. The flexural modulus also decreased
in all three directions for the PGl sample, the average decrease being
approximately 10 percent, but did not change significantly for the
PG2 sample.

The water absorption did not chenge sappreclably for the flat sec-
tions of the postformed parts. The water absorption of the curved sec-
tions of both postformed samples was higher than that of the flat sec-
tions. The average increase was approximately 50 percent for the PGl sec-
tions and 20 percent for the PG2 sections.

Properties of Molded Angles and Channels

The tensile and flexure properties of specimens cut from both molded
channels MBl and molded angles MB2 are presented in tables XI and XIT,
respectively. The differences in propertiles between flat sheet SB2 and
angle and channel laminates obtained from the same source and molded from
similsr materials are shown in table XITI.

Data were not available to permit a comparison of the properties of
the molded angles and channels with those of flat sheets made from the
same materisls. However, a comparison of the average values obtained
for the molded pileces with the average values obtained for flat-sheet
sample SB2 made from similar msterials indicates that the tensile strength
for the molded parts is spproximately 30 to 40 percent less than that for .
the flat sheets. The tensile modulus of elasticity is epproximately
5 to 25 percent less. The flexural strength and the flexurael modulus of
elasticity are approximetely 10 to 25 percent less for the molded parts
than for the flat sheets.
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There was no significant difference between the values obtained for
the channels and the angles. However, the values obtained for the flexural
strength with the molded side in tension were slightly higher than those
obtained with the mechined side in tension. Also, there was some indica-
"tion that the tensile strength and tensile modulus of the molded pieces
increased slightly with increasing thickness.

Effect of Postforming on Properties
of Curved Sections

The molded V-sections, samples MC1l and MC2, were postformed to flat
panels. Specimens were cut from the flat and the formerly 45° curved
and 90° curved areas. The flexural strength, flexural modulus of elastic-
ity, and water absorption were determined. The results are presented in
tables XIV, XV, and XVI, respectively.

In discussing the test results obtained on these panels, two separate
meanings are applied to the use of anguler degrees. In one case, 0°, 450,
and 90° refer to the direction of the warp yarn in the face ply of the
laminate with respect to the lengthwise direction of the molded V. The
letters R, S, and T are used in the sample designations to indicate,
respectively, these three directions. The angles 45° and 90° also refer
to the amount of bending caused by the postforming operation of the
molded V's, as shown in figure 6

In analyzing the results of the effects of postforming, the assump-
tion was made that differences in strength values between the postformed
flat sections and the postformed curved sections were due to the post-
forming operation and not to the original molding operation. In other
words, it was assumed that the strength of the curved sections of the
original molded V-panels was the same as that of the flat sections. To
achieve this condition insofar as possible, extreme care was used in
molding the V-panels. Some indication that this assumption was valid
is gilven by the data for water absorption, presented in table XVI. These
data show that the water absorption of the curved sections of the V-panels
was equal to or less than that of the flat sections of these panels.

The results of the flexural-strength tests for PCl and PC2 are shown
graphically in figures 7 and 8. There was little or no change in the
flexural strength of the flat sections of the molded MC1 V-panels on post-
forming (fig. 7 and table XIV). As in the sheet laminates, the strength
of the postformed samples with the 45° warp yarn was slightly less than
that with lengthwise and crosswise warp yarn. For the postformed PCL sam-
ples, the flexural strength of the formerly 45° and 90° curved sections
averaged approximately 25 percent and 35 percent, respectively, less than
that of the flat sections, except for one sample. The sample oriented
45° with respect to the warp yarn, when tested with the loading nose
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applied on the convex side, had a flexural strength approximately 15 per-
cent higher than that of the flat sections. In general, the specimens

of the formerly curved sections had slightly higher strengths when tested
on the convex side than when tested on the concave side.

As in the MCl samples, postforming did not appreciably affect the
flexural strength of the flat sectlons of the MC2 panels (fig. 8). The
flexural strengths of the formerly 450 and 90° curved sections, sam-
ple PC2, when tested on the convex side, were either equal to or greater
than those of the flat sections. However, when the formerly curved sec-
tions were tested on the concave side, the flexural strength of the for-
merly 45° curved sections averaged approximately 20 percent less than
that of the corresponding flat sections, and that of the formerly 90°
curved sections averaged approximstely 35 percent less than that of the
flat sections. Thus, in all of the samples of the formerly curved sec-
tions, the flexural strength was significantly less when tested with the
loading nose gpplied on the concave side than when tested with it applied

on the convex side.

For the flat sections, both before (samples MC1l and MC2) and after
(samples PCl and PC2) postforming, the flexural strength of the MCL
and PCl panels was approximately the same as that of the corresponding
MC2 and PC2 panels in most cases (figs. 7 and 8). For the formerly
curved sections, the values for flexursl strengths for the two sets of
panels were similar when the specimens were tested on the conceave side.
When they were tested on the convex side, however, the formerly curved
sections of the PC2 samples with 0° and 90° warp yarn had higher strength
values than did the PCl samples.

The effect of postforming on flexursl modulus of elasticity of curved
sections is shown in figures 9(a) and 9(b). As cen be seen from table XV,
the flexural modulus of elasticity of the flat sections of the post-
formed PCl V-panels was approximately 25 percent less than that of the
original flat section MCl. For the PCl panels, the moduli for the for-
merly 45° and 90° curved sections were approximately 15 and 20 percent
less, respectively, then those for the corresponding flat sections, except
for the samples oriented 45° with respect to the warp yarn, which were
unchanged when tested on the convex side.

For the PC2 panels, in which the orientation of warp yarn was 45°
and 90°, there was no significant change in the flexural modulus of the
flat sections on postforming, with one exception, in which the flexural
moduwlus for the postformed flat sections was more then that for the
original molded flat sections, when the angle of the warp yarn was OC.
When the postformed panels were tested on the convex side, the moduli
for the formerly 45° and 90° curved sections were equal to or up o
approximately 20 percent greater than the modulus for the corresponding
flat section. There was no significant difference between the values
obtained for the 45° and the 90° sections tested on the convex side.
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When the postformed panels were tested on the concave side, however, the
modulus for the formerly 45° curved sections was 5 to 10 percent lower
than that for the corresponding flat section, and the values obtained
for the formerly 90° curved sections were spproximately 10 to 20 percent
lower than those obtained for the corresponding flat section.

The flexural modulus of elasticity of the flat sections of the
MCl samples was greaster than that of the MC2 samples but, after post-
forming, the reverse was true for the formerly flat sections and the
formerly curved sections.

The results of the water-absorption tests are shown 1n figures 10
and 11 and table XVI. For the original molded MCl V-panels, in general,
there was no appreclable difference in the water absorption of the flat
sections, 45° curved sections, and 90° curved sections (fig. 10(a)).
Also, there was no appreclable effect of warp-yarn orientation on water
absorption.

Postforming the V-panels did not appreciebly affect the water absorp-
tlon of the flat sections of the PCl panels. However, the water absorp-
tion increased for the formerly 45° and 90° curved sections, the increase
belng spproximately 25 percent for the 45° sections and approximately
50 percent for the 90° sections. Again, there weas no significant varia-
tion of water absorption with warp-yarn orientetion.

In the tests on the MC2-molded V-panels (fig. 10(b)), the water
absorption was less for the panels with the O° warp-yarn orientation
than for the panels with 45° and 90° orientation. This was true for the
flat sections and the 45° and 90° curved sections. Also, there was some
indication that the water absorption was less for the 45° and 90° curved
sections than for the corresponding flat sections.

For the postformed PC2 panels, there was an incresse in water absorp-
tion of the flat sections and formerly 45° curved sections only when the
warp yarn was oriented 0°. This increase was gpproximately 20 percent.
For the panels in which the warp yarn was oriented 45° and 90°, post-
forming did not affect the water absorption of these sections. The post-
formed formerly 90° curved sections, however, showed increases in water
sbsorption ranging from approximately 10 to 30 percent for all three warp-
yarn directions.

Both before and after postforming, the water absorption of the
MC2 panels was greater than that of the MCl1 panels.
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DISCUSSION

Initial Properties of Sheet Materials

Most of the commercial phenollic-laminate sheets show a tendency to
exhibit directional vaerlation in mechanical properties as can be observed
from table XVII. Approximately half of the materiaels show different
strengths in the lengbthwise and the crosswise directions. Most of the
materials show different strengths in the lengthwise and the 45° direc-
tions. In most cases, the strengths are higher in the lengthwise
direction.

The lower values noted in the crosswise direction when compasred with
those in the lengthwise direction may be due in part to differences in
the yarns per inch of the cloth fabric in the two directions. The lower
values in the 45° direction are probably due to the fact that in this
direction the full strength of the yasrns ie not utilized.

The data indicate that, usually, for those materials in which the
tensile strength is greater in one direction, the flexural strength is
also greater in that direction.

The two samples SF1 and SF2 that exhibit very high strength values
in the lengthwise direction have rather low strengths in the crosswise
and 45° directions, probably indicating that the cloth yarns in this
laminate were preferentially oriented (tables V, VI, VIII, and IX). It
should be noted that the difference in yarns per inch in the two direc-
tions for the fabric used in these laminates is much greater then in any
of the other laminstes. None of the other materials show such a large
difference in propertles between the lengthwise and transverse directions.

The effect of laminating pressure on the properties of flat sheets
can be observed by comparing the results obtained for the SC1 panels
with those obtained for the SC2 panels. Both samples were made of similar
materials. The laminating pressure used for the SCl panels was 200 psi
and that used for the SC2 panels was 1,000 psi. With one exception, the
values for tensile strength, tensile modulus, flexural strength, and
flexural modulus are grester for the SC2 panels than for the SCl panels.

Properties of Heat-Treated Sheet Material

The slight changes in dimensions observed in most caeses on heating
the laminstes represent a reversal of the changes in dimensions that
occur during high-pressure leminsting. The thickness increased slightly
on heating and there was an indication of decrease in length and width.
It is plausible to consider the phenolic resins as being partially thermo-
plastic, with the result that there is a slight tendency for the resin
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to assume 1ts original dimensions when heated. This resulting increase
in thickness would result in a tendency toward partial delamination of
the laminate, leading to a decrease in strength properties which is
observed as a result of the heating cycles.

-

Effect of Industrial Postforming on
Properties of Flat Sectilons

The PGl samples showed larger changes in flexural properties and
water absorption due to postforming than 4id the PG2 samples. This is
probably due to the fact that the postforming operation was much more
severe for the former samples than for the latter. The postformed
PGl sample contained several 90° bends whereas the PG2 sample contained
only one 30° bend. According to the fabricator, the same heating cycle
was used in both cases.

The water-ebsorption results indicate that the greatest effects of
postforming occur at the curved sections. It was noted that in these
curved sections, the fabric wes more promlinent in the outer surfece and
numerous fine cracks appeered in the resin.

Propertiles of Molded Angles and Channels

The strength and modulus of flat portions from the commercially
molded chennels MBl and angles MB2 are considerably less than those of
flat sheets made from similer materiasls. However, the strength and
modulus of the flat sectlons from the V-panels molded in the laboratory
at the Nstional Bureau of Standards are in most cases higher than those
of similar flat sheets. These differences in behavior between commercislly
molded and leboratory-molded parts mey be due to differences in fabrica-
tion conditions or technlques. Thus, it appears that the strength and
modulus of flat portions of molded lamlnate sections may or may not be
different from those of sheet laminates.

Effects of Postformlng on Properties of Curved Sections

As stated previously, the strengths of the flat sections of the
laboratory molded V-panels asre in most cases higher than those of sheet
laminstes, whereas industrially molded parts have lower strength values.
In addition, the postforming heating cycle did not affect the flexural
strength of the flat sections of the V-panels in most cases, whereas the
flexural strength of commercial sheet laminates decreased as much as
approximately 10 percent on heating in most cases. These differences
in behavior may be due to fabrication techniques.
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The PC2 panels were mede of materials used in postforming-grade
laminates whereas the PCl panels were not. This difference is reflected
in the slightly higher flexural strengths of the postformed PC2 panels in
two cases only, when specimens of the formerly curved sections with 0°
and with 90° warp yarn were tested on the convex side. In addition, the
water absorption is greater for the PC2 panels than for the PCl, both
before and after postforming. However, the flexural modulus of elasticity
of the PC2 panels was consistently greeter than that of the PCl panels,
with one’ exception. These results would indicate that shapes postformed
from postforming-grade laminates do not necessarily have superior prop-
erties for structural and semistructural applications than do those fab-
ricated from regular-graede laminates.

In most cases, the strength of the formerly 90° curved sections was
‘equal to or lower than that of the formerly U5C curved sections and the
water absorption was higher. These latter results are in agreement with
the results obtained on the commercially postformed shepes. These results
would indicate that the higher the angle of bending, the more the proper-
ties of the material are affected.

In general, the flexural-strength values for the formerly curved
sections when tested on the convex side were higher than when tested on
the concave side. In postforming, compressive stresses are induced in
one surface of the formerly curved sections and tensile stresses in the
other. When the specimens are tested on the concave side, the side with
the residual compressive stresses is in tension, and, when tested on the
convex side, the side with the residual tensile stresses 1s in tension.
One might therefore expect the specimens tested on the concave side to
give higher strength values than the specimens tested on the convex side.
Actually, the reverse was found to be true. One explanatlon is that there
is probably a realinement of residual forces in the laminate when the pres-
sure applied in postforming is removed because of the tendency of the
material near the neutrel axis to assume its original position. Because
of this alinement, the face formerly in compression would now be in tension
and vice versa. Thus, when the specimens are tested on the concave side,
the face in tension already has a residuasl tensile stress, which would
tend to decrease the flexural strength. The reverse is true for the
convex side and results in higher strength values for the specimens when
tested on the convex side than when tested on the concave side.

CONCLUDING REMARKS

Tests were conducted to determine the properties of flat sheets,
molded shapes, and postformed shapes of cotton-febric phenolic laminates.
Most commercial cotton-fabric phenolic sheet laminates tested showed
directional variations in mechanical properties. 1In most cases, the
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values obtained when the specimens were tested at a 45° orientation to
the warp yarn in the top ply are up to 25 percent lower than those
obtained when the specimens were tested lengthwise or crosswise. For
materials in which the tensile strength and modulus were greater in one
direction, the flexural strength and modulus also tended to be greater
in that direction.

Postforming may or may not affect the strength properties of flat
sections, probably depending on the fabrication technique and possibly
the resins used. In general, the strength of curved sections decreased
on postforming end the water absorption increased. The degree to which
these propertles changed increased as the bending asngle increased. The
flexural strength of postformed curved sections was higher when the load
was applied to the convex side than when 1t was applied to the concave

side.

The molding of shaspes of phenolic laminates may or may not reduce
the strength properties of the laminate, probably depending on the fab-
rication techniques.

Netional Bureau of Standards,
Weshington, D. C., June 15, 1953.
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TABLE I.- DESCRIPTION OF COTTON-FABRIC PEENOLIC LAMINATES

=]
&
=
Fabric =3
NBES sample Type Approximate =
dmsignetion gige, in. |Number of
Yarns per in. | Yern, ply Weave AN
(E)_ pliea 4 %
\n
8A1-16 | Grade C postforming T0 by 46 4 39 by 34 1 Plain
SA2.16 | Grade ¢ infrared postforming 70 by 46 L 50 by 34 1,2 bplain
8Bl-16 | Grade ¢ natural poetforming 9 by 8.5 s 38 by 38 1 Plain
S by 3.5
BB2-16X | Crade C 36 vy 36 i ho 1y 38 2 Flain, B.66-oz army duck
gpe-8x | Grede C 36 by 36 9 b0 by 38 2 Flein, 8.66-0z srmy duck
8B2-4X | Grade C 36 by 36 16 bo by 38 2 Plain, 8.66-o0z army duck
8B3-16Y | Grede CJP-11 postforming 36 by 36 L 4o by 38 1 Plain, B.66-0z army duck
8p3-8Y {Grade CJP-11 postforming 36 by 36 9 Lo vy 38 1 Plain, B.66-0% ermy duck
8B5-hY |Grade CJP-11 postforming 3 by 36 16 Lo by 38 1 Plain, 8.66-02 army duck
801-16X 10 by 10 b 4o vy 38 2 Plpin, 8.66-0z army duck
sc1-8x 10 by 10 9 ho by 38 2 Plain, 8.66-oz army duck
8C1-hx 0 by 10 16 4o by 38 2 Plain, B.66-0z srmy duck
egc2-16% 10 by 10 i Lo vy 38 2 Plsin, 8.66-0z army duck
8¢a-8x 10 by 10 9 Lo vy 38 2 Plein, 8.66-0z army duck
8C2-h% 10 by 10 16 4o by 38 2 Piain, 8.66-0z army duck
8C3-~16Y 10 by 10 k ho by 38 1 Plain, 8.66-0% army duck
8c3-8Y 10 by 10 9 4o vy 38 1 Plain, 8.66-0z army duck
§C3-4Y W0 by 10 16 4 by 38 1 Plain, 8.56ucs army duck
8D1-16 36 by 36 in 30 by 37 1 Plein
4gL-8 Grede C 36 by 36 T 50 by 34 1 Plein

8pirat letter indicates form:

and under similar molding conditions; 1n samples MC and PC,
lengthwlse direction of molded V-panel,

8 indicates flat sheeta,

K indiestes molded shepes,

P indicates postformed shaped;
second letter indicateg source (letter C designates samples prepared at FBS); first number le seamples number; number after
desh 18 reciprocsl of nominal thickness in inches; rll materials with X in their designation are meds with seme resin and
fabric and under similar molding copditions; a1l materials with Y in their designation are made with seme resin end fabric

R indicates that warp yarns of outer plies were parallel to
8 indicstes that warp ysrns of cuter plies were at 45° to lengthwise direction of

molded V-panel, and, T indicates that warp yarns of outer plies were perpendicular to lengthwise directiom of molded V-panel.
buo-ply yern in one direction, singls ply in other.
€501 emd 8C2 differ only in that SC1 was molded st 200 psl and 8C2, at 1,000 psi.
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TABLE I.- DESCRIPTICN OF COTTCH-FABRIC PHENOLIC LAMINATES - Continued

Zgc

Fabric
HES sample Approximate
designation Type alge, in. Tumher of
(8) plies Yarne per in.| Yarn, ply Weave
8F1-16 Ratural postforming 48 by h8 5 70 by 4O - Twill, over 2 under 1
8r2-16 Green postforming 48 by 8 [ 70 by ko - Twill, over 2 under 1
dup 16 Grade C 3 by 2.3 4 32 by k2 1 Plain
P ’ﬁidEB
MBi-& Grade C 3% by 2.3 g 52 vy 42 1 Plein
sides
g -4 Grade C 36 by 2.3 52 by k2 1 Plein
glides
“MB2-16 Grade C 3% by 2.3 A 39 by 37 1 Plain
. pldes and base
ME2-8 Grede C 36 by 2.3 9 39 by 37 1 Plain
gides and base
eMB2-% Grade C 3% by 2.3 16 39 by 37 1 Plain
sides and base
fme1-16%R 5by & I 4o by 38 2 Plaln, 8.66-o0s srmy duck
fuer-16x8 5hy b b 40 vy 38 2 Plain, B.66-or srmy duck
Tuc1-163T Sby & 3 ko by 38 2 Plain, B.66-0z ermy duck
TMc2-16YR Sby L L ko by 38 1 Plain, 8.66-0x5 army duck
Pyea-16ys 5by bk L 40 by 38 1 Plain, 8.66-0z army duck
fyc2-16vT Shy b 4 4o by 38 1 Plain, 8.66-0z army duck
EPC1-16XR | Postformed frow MCL-16XR Sby L 4 b0 by 38 2 Plain, B.66-og ermy duck
&pC1-16X8 | Postformed from MCX-16X8 5by L L ho by 38 2 Plain, 8.66-0z ermy duck
8pC1-16xT | Postformed from MCL-16XT Sby 4 ) 30 by 38 2 Plain, 8.66-0z ermy duck

aFirst letter indicates form: 8 indicates flat sheets, M indicetes molded shepes, P indicates postfarmed shepes;
second letter indicates source (letter C designetes samples prepered at HPES); firat mumber is sample number; mmber efter
dssh 1s reciprocal of pomingl thickness 1n inches; sll materdels with X 1in their designation are made with same resin and
fpbric and under similar molding conditions; all materials with ¥ in their desigonetlon are made with ssme resin and fabric
ard mnder similar molding conditions; in semples MC and FC, R indicates that warp yerns of outer plies were parsllel to
lengthwise directlon of molded V-penel, S indlcates thet warp ysrpa of outer plies were at 45° to lengthwise directicn of
molded V-penel, and T indicates that warp yerns of outer plies were perpendicular to lengthwise direction of molded V-panel.

Oy401ded engles; natural color.

SMolded channels; natural ealor.

TMolded Y-panals; see fig. 1.

Ev.pansls postformed into flat shests.

Gza¢ NI VOVN



TARLE I.- DESCRIPTION OF COTTON-FAERIC FHENOLIC LAMINATES - Concluded

Fabric
NES sample S Approximate
designation T size, in. Rumber of
plies Yerns per in. | Yarn ply Weave
(a)

Bpco_16YR | Postformed from MC2-16YR 5 by b L 40 by 38 1 Plain, 8.66-0z army duck
Epe2-16Y8 | Postformed from MC2-16YS 5 by 4 k Lo by 38 1 Plain, B8.66-oz army duck
8pca-167T | Poetformed from MC2-16YT 5 by & L Lo by 38 1 Plain, 8.66-0z army duck
hpg1-16 Postformed from SBL-16 9 by 2.5 L 38 by 38 1 Plain

base and three sldes
ipgo-16 Postformed from HBl-16 9 by 3.T5 L 38 by 38 1 Plain

with 30° bend
1.75 in. from one end

Bpiret letter indicates form:

3 indlcates flat sheets,

M indicates molded shapes,

P indicates postformed shapes;

gecond lebter lndicates source (letter C designates samples prepared &t HB8); first oumber is ssmple pumber; number after
dash is reciprocal of nominsl thickmess in inches; ell materials with X in thelr designation are made with same resin and,
fabric and undsr similar molding conditioms; all msbterials with ¥ in their designstion sre made with same resin and febric

and under pimilar molding conditions; in pemples MC and FC,

,Lengr.muu G.IIIELIJJ.ULI UJ- [ SARTI=h l""'PnLI.U-L,

bawmmnition chute part from B-25 nose assembly, channel; see fig. 2.

L |

a AwmAd nndaon

R indicates that warp yarns of outer plles were perallsl to

yarng of cuter plies wers at LKO to lengthwise divection of

5] ANOLLCAGNEs that Wal'p yarnd (4319

molded V-panel, snd T indicates that warp yarns of outer plies were perpendicular to 1ang-bhuise d.'l.rection of molded V-panel.
By_pansls postformed into flat sheets.

1pmmmition chute part from B-25 nose assembly; see f£ig. 3.
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TABRLE IT.- DIMENSTOMAL CHANGES FRODUCED BY POSIFORMING HEAXT TREATMENES OF CUTTON-FABRIC

FHENGLIC SHERT LAMITIAYE

Tmmarsion in oil at 575C F
(a)

Esating in circulating afr oven st hoo® ¥

HB8 sanple | poragion | Averege Avorage Changs in Chenge | Change | Durstlon| Average A Changs
"desimation of ariginel thicknass thickoess in in of originml | thi thi.ch e c?e In
heating, |thickness,| after heating, o heating, length, [ width, | heating, | thickness, |after heating, on hemting, Jength, | width,
- | sec 7:Ln- 7in. 7Pef‘oart percent | parcent min in. in. pearcant percevt. | percant
3A1-16 1 0.06k8 0.0651 0.% 0.5 0.2
20 0,06%: 0.0656 0.2 0.k 2 .06k 0650 4 .2 -.3
kg 0664 0869 -7 -7 -.h 3.5 065 0574 3.0 -.9 -.6
SAR-16 b3o 0679 0680 1.5 -7 ~1.0 3 0692 0708 2.4 -3 -1.0
bEy 068 0693 1.9 -3 -1.0 L 0685 0710 x5 -1.0 -1.0
b120 0699 0713 2.0 2.0 | -0
sB0-16 bxg 0643 0650 Ll o -1.0 2 .0bli2 . 1.6 -.5 0
bgg L0086 . .8 -7 -9 3 067 g’;} 1.0 o -1.0
%120 .ob52 g&oz 1.3 -3 o
8D1-16 o 0655 065k -2 -4 -] 1 0654 0681 -5 )] -1
5 0675 0656 .2 ' 2 2 ggag 0652 3 . -.2
ks 0662 0659 -4 .1 - 3 -Obas 0655 .9 -4 -5
am.-8 l 60 +12k5 .la57 1.0 -5 - 3 1059 1259 0 '] -1
120 .12%3 28 2.2 -2 -5 5 1289 1311 2.4 - -2
SF1-16 25 .O7h9 0761 1.6 -5 -3 1 O3 OThS .2 4] 1]
3% 07% 0768 3.2 - -k 2 0T™ O 2.6 -2 -.2
by 076 .88 11 .3 -1.0 3 o7 LOTST 2.1 -9 -
=) .0Th8 0869 13.9 ] -9
bsp 0725 0797 9.9 -7 -5
are-16 25 L0692 L0596 .2 -2 o 1 .ﬁ 0695 -.lg -.: 1] L
5 o701 0720 2. ~2 -2 2 . . ' - -
5 0655 ﬁ Y -2 -.2

%342 20 o)1 contadping 10 percent sulfur was used for oll imeersion sxceph whera othervise noted.

paraffin odl.

e
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TABLE, XIT.- EFFECT OF OVEN EEATING AP 204.%0 ¢ (MOOC F) ON FLEXURAL PROPERYIES

OF COTPON-TAERTC PIESOLIC SHEEY LAMINATES

¥ oy 4o Qy v P
5°F| ggsd 888 828 8agq gRAgERgRE
8
mmw D@ o b=y = 1 [=2N I 39 Y] 111—9931Rul.f
mmw P Ak ol % 1. " das oF aF 15 ot o i 08
g k-
Cal - x
Dt sm owr e s
~ <
J
m FS88 S8R B8 8S98RE  4SRBIRARS
i = -Y-X =r-1-] 3ad Llloo 88eAH0843
m wm 3888 2838 238 22833 2RR882388
] !
X
48%8  8ER BT AR488 44335884
(=]
g |13
FE: gnes  sac b3 28555 2eB53aqes
(=] (=]
F: ﬂ.m (2.3 ¥ N 23 [ 2Y72Y 3% [ 39,2170 mjaﬂl Wuu)l./mh‘-l.m-.-.x.)
gzo Q2 - eo0 9@ &m wd
Md geds  §RR  §BS  §BRRE  gRdgddgdd
5
mm’b}sﬁf o O o ol W My ot TZ)OQ.I.D:-I.-I
m w. AdAad ot ot A A A ool Arlcioial el
m MWN g3=§ 88 RER 833°§ sS383g§s8%:i§
I3
e[ [988§ 988 48y ggEsy  ggseaanEn
m . | 8239 285 5495 g4g9s RASHE 2SI
wm 8388 8388 888 88288 388888838
| 8888 388 §8R  RBR3R  SNSER83HY
EEEE 5EY e EEEE gegagagay
o | BRER 8RR mmm RRA%2  EERBRE3ER
(8| ggad dNN 29493  gdsgagans
l ﬂm mg.)_._.)n) (2% 29 49 [ oW Vel ml)._hdh_.x} n-mw-.)l./m 5m-_}5
vy -
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i |3 9 q 9 o
m 3 3 g 8 m

Sgpecimens tasted AP to lengthwise unless otherwiss lndicated.

brested lengthwise.
Crented crossvise.
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SAHLE TIT.- EFFECT OF OVEN ERATING AT 20h.5° C (h00® F) O FLEYURAL PROPERTIES
OF COTTOM-FABRIC PHENGLIC SEEEY LANINATES - Concluded

Flexmral strength Flexural modplue of elasticity
(n) («}
NES miﬁ; Humbar ] Ttmhrd CoefTicd: of | Paroett
dasignation 4 B et Huombar Btandsrd Coefficient of |Percant
win of (ATereae Renge, error, | veristion, af or | Avereee Bange, arTor, varistion
soces | DL el e —— orimined ltasts el pal o=t veromst  lozizinas
Lo uD e Y s aand fatadd = e LS L
BFL-26 0 11 | 29,600 [ 18,600 to 20,100{ 350 2.7 100 11 |1.0% x 205]0.97 x 166 40 1.11 x 206[6.022 x 10° 3.8
1 5 | 19,400 | 18,800 o 19,T00| 1fC 1.9 98.9 3 | -% -93 10 0.9 |- - 90.3
2 5 | 17,%0 | 17,200 o 17,900| 1ho 1.9 8.2 L | .90 .50 t0 0.90 o o &.5
2 k| 27,500 | 17,200 to 18,000 180 2.0 8.2 [ 3 .90 N: ] 0 0.9 .02h - 5.1 8.5
3 5 | 28,100 |18,000 to 1B,%00| foO -9 92.3 5 | .&@ N to .51 .010 2.6 8.5
era-16 0 11 | 16,600 | 15,800 to 17,200| ko 2.7 100 1 |1.05 .92 to 116 052 9.5 100
1 x 13£ man 138,100 o 17,8000 220 b3 9.3 5 | -b8 -87 o 0.89 ook 1.0 8.8
2 5 | 16,100 | 13,700 to 16,300| 100 1.5 6.9 5 | .88 B to 0.95 016 4.0 85.8
li
2 5 | 15,500 [ 16,800 o 16,600| 60 T 99.% A | .o3 <91 0 1.00 022 4.8 88.5
5 5 | 15,900 | 16,800 to 17,000 W0 -5 w2 - 5 | .9 .87 10 0.9% -0k 3.0 88.6

"Specimens tested 29 to lengthvioe unless otherwiss indicabed.

Coge NI vOVN
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&
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SPmarsion in SAE 20 Inbricsting oil conbaining 10 percent suifur poless otherwise noied.

Clwmaraion in Marol peraffin oil instesd of lobricating oil.
dpasted 1engthvise.

bypacimens tested §5° to lemgtbwise unless otherwise indiosted.
STested crossvise.

HES sampls

dasignation
BA1-16
ga2-16
B8R1-16
BD1-16
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TABLE IV.- EFFECT OF IMMERSION IN OIL AT 190.5° ¢ (375° F) OF FLEXURAL FROPERTIES
OF COTTON-FABRIC PHENCLIC SHEET LAMINATES - Coneluded

Flexursl strength Flexural modulus of elsatleity
(b) : (b)
¥BS semple | Time of
designation |lmmersion, g mpey Aver 8tanderd| Coefficient of |Percent |Number| , . Stendard |Coefficient of|Percent
gec of |77 im’ arror, varistion, of of va:gg ’ errar, varistion, of
(a) vests | P° el percent original |tests P psi percent originel
BFL-16 o 11 | 19,600 | 160 2.7 100 1 1.0 x 108(0.012 x 106 3.8 100
25 5 | 18,600 [ 2% 2.7 gh.8 5 .98 036 8.3 gh.2
25 b | a1,ho0 | 11O 1.9 887 4 .95 .032 6.6 51.3
35 5 | 18,400 | 210 2.5 93.8 5 .95 024 5.6 91.3
€35 5 | 15,100 | 1hO 2.1 7.0 5 | 17 -010 3.0 7h.0
50 5 | 18,100 | 160 2.0 92.3 g .91 .020 5.0 87.5
50 5 | 15,600 %0 1.3 79.5 3 | 8L emmemmmeee —— T7.9
SF2-16 o} 11 | 16,600 ) 1o 2.8 |10 11 [1.05 . 0% . 9.5 200
a5 5 | 16,200 | 100 1.k 97-5 5 | 93 013 3.1 88.5
25 4 | 16,30 ko .5 98.0 y | . 0 0 8.6
35 5 | 15,100 | 10 1.9 96.9 5 |12 .ol 8.3 107

aTmersion In SAE 20 lubricating oil combedning 10 percent sulfur wmless ctherwlae noted.
Bgpecimens tested L5° to lengthwise wnless otherwise indicated.
CYmmersion in Markol peraffin oll insteed of lubricating oil.
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TAELE V.- TERSILE STHENGYHN OF COTTON-FABHIC
PHENULIC SHERT LAMINAYES

Tansile sl::cns( thy lengthwise, Tensile strength, crossvise, T'Qm:l_'l.a- Btl.‘ﬂlﬂ-- th et ’1-5“ T
NS nempls | AVerage | Wosber a) (= -
designation | SRR, O gmper Gtandard | Goefficient of | Fumber | , Stendord | Goefficient of | Nusber | , Btanderd, | Coaffisient of
in. shaots | op |pi=:ug *| error, variation, of ':;’5" error, varistion, of vur;ga, srror, veriation,
testa pal percamt tasts pal percent tasts L i percent
BAL-16 0,064 1 5 11,900 140 2.6 5 9,400 g 1.8 5 9,000 0 1.8
8A2-16 069 1 5 9,000 30 .B 5 B,900 1.5 5 8,900 e?s .8
8p1-16 065 3 12 11,300 190 5.7 9 9,600 200 6.1 9 10,000 7.8
BB2-16K 2088 i i §, 700 15 5.5 i5 3, &0 20 8.2 i5 8,500 120 5.8
ap2-x 1% 1 5 »T00 170 3.3 5 11,600 160 3.2 5 5,800 0 T
BB2-UX 250 1 12,100 130 3.3 5 10, 100 2.1 5 10,100 100 2.1
8B3-16Y 063 1 9 12,000 20 5.3 9 10,800 W0 12-2 hT)) 19,100 90 2.8
au3-6Y -33 1 5 12,500 T0 1.2 ] 250 Bs b 9,500 90 2.1
EB3-WY g 1] b 5 12,700 60 1.1 5 12,000 120 2.8 5 9,300 & 2.0
S0L-16¢ 070 1 5 9,700 180 a7 - ————— —— —_ - —— -— —
20188 A% 1 5 9,900 110 a.5 - JE— — ——- - ———— ——— _—
8C1-%K 270 1 5 10,500 260 5.5 - ——— —_ —— - ——— ~—— -
sce-16x K, 2 1 5 10,k00 170 E.s ———— _— — — —— _— —
BCR-8K B151 1 5 11,000 280 B -~ e — —. - — - —
sca-ly, .2h3 1 5 10,000 170 3.7 - —— — —— - — — —
803-16Y 053 2 b 10,500 b)) »,1 - S — —_ — —— — —
8c3-8r 115 - 10 11,600 1%0 1 — e — —r — [P — .
8C3-4Y 228 2 10 12,400 120 3.0 - — — - - —— — —
H0-16 063 1 5 10,%00 140 2.9 5 9,400 200 2.k 5 9,400 - 8o 2.0
am-8. 125 1 5 13,500 T 1.3 5 11,300 10 1.9 5 10,000 190 1.3
ar-16 073 1 5 15,000 90 1.3 5 8,500 To 1.9 5 5,300 ko -9
ara-156 067 1 5 16,900 200 a.6 5 7,600 100 2.7 5 8,300 70 1.8

G2ge NI VOVN

By angthwiss, cromswise, end W5° indicate thet warp yerms on face pliss were perallel, perpandicular, and at k52, respectivaly, to length of test specimen.
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TARTE VI.- TERSILE SECANT MODULDS OF FLASYICIYY OF COTTON-FAHRIC
PHENOLIC SEEET LAMINATES

Tennile secant modulua of elasticity -
HH3 sample Crosasiine h5? to lengtiwise
degignation mﬁ};mu () (v)
Humber ghandard | Coafficiamt of | Fumber Standerd  |Coefficient of | Fowber ftandard | Coefficiewt of
of | A7 | arror, variation, of "“':@' errar, Terlatica, ar | AvETEEe: | e, waristion,
(a) testa L ) porcent tents ™ pai parcent tasts Pl ) poreent
Btress range, 0 to 2,500 pal

8A1-16 5 | 1.26 x 106 | 0.006 x 106 1.1 5 [1.26 x 10 | 0.018 x 206 3.k 5 | 1L33x 206 [0.010 % 105 1.9
8AZ-16 5 | 1.2 .020 3.7 % |12 020 - 5.8 5 (1.0 .018 3.;
8R1-16 9 1.08 .013 5T 8 .98 028 8.0 9 88 017 5.

gR2-16X 13 .01 .020 7.2 13 |1l.00 020 T2 15 014 5.8
ap2-8x E 1.23 030 Bk y |aia7 069 H.T b L2 .016 3.1
gp2-hx 1.01 028 5.5 n | 1.06 .03k 7.2 5 |1.02 026 5.7
BB3-16Y 4 (129 034 z.e » |1 -021 5.5 10 |i=:1 026 6.7
BB BF 5 |11 .033 '6( 5 |1k 018 3.5 5 |1.09 089 6.0
B83-hY 5 |i.10 027 Be 5 .09 0B% 5.9 5 .96 .018 b1
BCL-16X g R: 012 3.0 - — - i —
8c1-8x 5 N:,] .012 3.8 - - - —
8C1-kx 5 i1 022 6.1 - — - ] —
BC2-16X 5 .56 .018 k.2 - — — —
asca-8x 5 |1.04 .018 3.9 - — - e
8cR-ix 3 .88 Raxg L3 - — - —
8C3-151 10 .97 .007 2.1 - _— — —
6c3-Bx 9 [1.09. -016 Sy B F i —

- dc3-hy 10 [1.13 F 02k 5.8 -— — -— 4 -—
anm-16 5 |3.39 .015% 2.8 5 125 .010 1.7 5 ]1.310 ik 2.7
gE1-8 5 | 1.2k .038 I.h 5 ll.22 .0%0 5.5 5 |1.06 018 3T
-1 Y 1% 0% .8 5 |1.0% .02k 5.2 5 |11t 016 3.3
gre-16 5 |Ln .17 2.8 ] .88 .016 (%} 5 [Le2 -013 2.9

Bavarage thinkpess and tusber of sheats rapresented are given in table V.

Drapgiinise, crossvise, aml k5P to lengthuise indicate thet worp yarns oo fece plies were parallel, perpendicular, md et ¥3°, respectively, to
1ength of test specimen.

cege Nl VOVN
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TAELE VI.- TERSILE SECAME MODULIE OF ELASTICIETY OF COTTOM-FABRIC
PHENOLIC SHERT LAWIWATES -~ Contimed

Cege NI VovH

Tenslle secont modulus of elasticity
Langthwise Crossyise 57 to lemgthwise
HPS comple (b) (b} (b)
designotion [—— . T e — — T
Numoar OTANGATA Coerlilclsnt ol TRLATY .. aiont o WOE T Bhaniard Coaificient
ar ATEI':&E, ; m’ u\zﬂ: Avur;g:, D:!&I;::‘EL uu;-;;xmni,m. m:;er A';;@, u‘nanu.::'u. L‘D:EMIEJIEJDI
(=) tosts e pei percent teats » fLES parcant tasts psl peroent;
Stresa rangs, 0 to 5,000 pel
BAL-16 1.19 x 105] 0.017 % 206 3.1 5 | 1.08x 106 | 0,011 x 205 2.k 5 | 1.05x 18| 0.013 x 106
8A2-16 I I N 012 2.4 5 | 1.13 013 2.6 5 | Lok 010
BH1-16 9 .96 00T 2.1 a .83 o1 3.6 9 .78 010
8B2-16X 13 87 016 6.5 13 .87 019 7.7 15 .81 .012
[1: - 4 5 |1 «018 3.5 L | 1.06 087 10.7 3 .97 02k
RO 5 .85 .012 3.2 5 03 .01l 2,8 k 87 020
BB3-16Y 8 (112 030 T.5 10 | 1.09 .0L7 E.o 0 |13 .022
BRX-8Y 5 [1.03 .0=0 4.3 5| 1.08 0 5 5 |1.00 018
sB3-hx 5 .56 016 3.7 " 97 .01 2.6 5 N L0011
BC1-16X E -1 019 6.1 — —— —
801-8¢ T2 .008 L.h - —— —
8C1-1X 5 .67 009 %5.0 _— —— —
a02-16Y 5 a 015 k.0 - — -—
so2-Rr n a7 o1k 3.5 - — -
sca-hx [ T 015 k6 - — -
803167 10 ;] .008 2.0 — —_ -
B8035-8y 9 .97 .01k i3 —_ — -
803-kY 1 | 1.0% 007 2.3 —_ — -
gD1-15 5 i 010 2.0 5 [1.ae 006 1.2 s |00 005
M-8 i 1.03 027 5.8 5 |10 Oﬁ 6.0 5 97 015
gFL-16 1.22 011 1.8 b} 9% .0 3.3 5 |[1.02 021,
gra-16 s |10 0B 1.6 5 13 .010 3.6 5 .09 009

Bxvorage thicknesr and mmber of sheats reprassnted sre glven in tahla ¥.
Brangtimsise, cromsvise, and WP to lengthwisa indicate that warp yarns oo face plies were perallsl, parpendicular, and ab 359, respectivwly, to
lapgth of test spacimen.
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TAHIE, VI.- TEMSIIE JECANT MCDULINS (F ELAITICTYY (& COPTOM-FAERIC
PHENGE.IC SHEER LAINATES - Conolndoed

Tensile secant modulue of elsstioity
Lengthwise Crosswiss k5° to langthwiee
NBS sowple (b) () (n}
d=nlgnation
Homber Stendard | Coefficient of | Number Standard | Coefficlant of | Number Standard | Cosfricdent of
of ‘kw:&a' errar, variation, of ‘“grig” errar, veriation, of A“::s" arror, yariation,
(o) taste e T 1 percont taste e pal percent tenta psi percent
' Btress range, 0 o 7,500 Dol
EB2-16K 8 |o0.68x 16| 0.015 x 1P 5.5 —- — - -
gEe-8% 5 | o7 .009 2.1 b |0.90 x 108 | 0,029 x 100 6.k 3 |o.te x 105 | 0.028 x 10 6.0
SP2-4X 5 63 02h 8.5 5 T 013 k.0 5 .0 01D 3.0
8B3-16Y 8 % 026 7.3 10 93 033 1.1 0 | 1.08 .27 8.2
ap3-81 5 92 .023 5.6 5 9% 013 3.1 E .50 .012 3.0
aE5-NT 5 ™ 015 3.7 5 a .005 1.7 .5 008 . R.2
8C0-16X 5 B .09 9.k - — —
801.-8 - - - -— I — -
BC1-hX 5 1 019 2.4 - ——— -— —
BC2-16T 5 LOL 5.3 - —— — _—
8cd-8x 5 .68 033 T5 - —_— — —
5 A7 063 30.0 - - — —
i
BC3-16Y w .13 01k 9.2 — - —
8C3-01 g .76 L0135 5.0 — —_— —_ —
8C3-4Y 10 & Q07 2.7 — -— —
1

Bpverage thickness snd munber of ghests reprasatoed ere given in table V.
Dlangthuise, crosswise, and ¥5° to langthwise indioate that varp yarns on faos plies wers parallel, parpendicular, and at 459, respactiwdy, to
length of test spacimen.

Gepe NI VOVN
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TABLE VIL.- STRAIN AT FAYLURE IN TERSILE TESTS OF COTTON-FARRIC

PHEROLIC SHEET LAMINATES

Streln at failure (2-in. gage lemgth)

Lengthvise Crosswise 45° to lengthwise
HES sample (a) (a) (a)
e ton Rumber ‘tanderd [Coefficient of |Number Stendard |Coaffiolent of
Eumber Standard|Coefficlant of g e! o o
of  |AVerBES "o mor ) veriation, of ﬁvaz:g:, errar, varietlan, of Awi:ﬁ:’ arror, variation,
tests pereent percent percant tasts |P*F percent percent tasta |P%F percent percent
8AL-16 5 2.9 0.07 5.6 5 2.8 0.13 10.3 5 2.6 0.15 1h.2
8A2-16 5 2.2 .25 £5.0 5 2.3 2% 2k.0 5 1.7 -05 7.0
8R1-16 8 L.k .21 13.2 9 5.4 .18 10.1 9 7.5 -28 1.2
gD1-16 5 3.8 .15 9.0 5 k.3 1 7.1 5 5.3 24 10.1,
SEL-8 b 4.6 .19 8.2 5 k.9 Y- 3 11..9 5 6.5 .08 2.9
BF1-16 2 3.6 ———— —_— I 3.3 2k 4.3 5 1.8 .06 7.2
8F2-16 3 5.2 09 §.0 5 6.5 21 T-5 5 Tk .25 7.5

450 “Iangﬁwiﬁ,ﬁossﬂse-,;m:?mlengthMeMeatethatmymmfmepnesmwdkl,perpmﬂmm,a.nd.a.t
54, respectively, length of test specimen.

Ceg¢ HIL VOvN
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TAHE VITY.~ FLEXURAL STRENGTH OF COETON-FABRIC
PHEROLIC SEFEY LAMINATES

lemulutrene.th“,lonsthviu thlshrangth_) , crosowise Flmaral, strength at hs©
f—_— iaj (a] a)
KBS seaple Averags
designation |thickness, of | wumher & Standard | Cosfficient of | Musher & Stindard | CoafPicient of | Humber Standard. | Coefficlant of
in. Bheete | p var:su, errar, veristion, of v-r;ge, error, varistion, of .her:aa, errar, varistion,
tests = pai percent tacts e pel Dercent tonts pa =1 porcant
gAL-16 0.065 1 5 24,300 3 3.4 5 20,000 0 3.8 16 19,700 120 a.z
8A2-16 . 1 5 19,700 1% 1.7 5 18,600 200 2.k 5 18,200 200 2,
981-16 06k [ 21 20,900 150 3.2 20 19,300 230 . 2 18,200 140 3.5
BBo.162 —_— 1 15 18,50 290 5.9 15 18,600 320 13 17,700 0 77
EB2-AX —_ 1 5 | 20,80 | 260 2.8 5 | eobo0 | 250 2.7 5 [ 19,800 | 120 1k
SE2hT —_ 1 5 | 1,00 | 20 3.5 5 | 18,m0 | 1o 2.0 5 | 16%0 60 -8
bapo kx| — 1 5 15,500 300 b2 5 165,90 330 k. 5 13,00 220 5.2
8B3-16T —— 1 10 23,200 1k0 2.0 10 25,200 220 3.0 10 21,800 140 2.0
S83-BY - 1 53 | 22,000 | 250 2.k 5 | moo0 | 2o 2.4 = | 2,200 | 2ko 2.7
HB3-UY ——— 1 5 20,500 150 L7 5 20,00 110 1.2 5 17,600 190 1.9
801-16 —_— 1 5 15,80 220 3.8 5 16,400 160 2.2 5 1k,900 70 1.0
B8 — 1 5 17,200 % 1o 5 | 17,70 16 1.3 3 | 16,300 &0 -8
— i — e — —_ 5 17,000 130 1.7 3 15,00 T0 8
802161 — 1 b] 13,800 110 1.2 5 19;200 18 z.i 5 16,900 1% 1.8
8C2-&K —_ i 5 [ 20,000 | 200 2.2 5 [ 18, 0 1.7 ) , %00 ) .8
BC2-4T ——— 1 - ———- —— —- 5 | 19,600 2h0 2.8 5 | 2,700 & 11
gc3-16% ' - 2 i 20,700 k0 2.6 10 19,000 2h0 3.0 10 17,100 200 T
8C3-0r —— 2 10 21,300 A0 5] n 2,700 110 L5 k] 19,500 100 1.6
3C3-hY m—— 2 - — —- — 10 2, 2 ki o 16,800 | 90 1.
) . ; | .
T |

ED1-16 1053 1 3 | .%o o 2.7 5 | 4,80 | 3@ 3.3 10 | 19,500 | 100 1.5 |
8x1-8 123 i 19 0,100 80 T 10 £1,000 140 2.0 10 19,500 90 1.k
8FL-36 g}.{ 1 [ 26,000 350 3.0 5 500 160 2.1 1 19,600 150 o7
are-15 K by 5 2%,800 20 2.0 5 15, 00 280 3.8 11 15, 1h0 2.7

Srangthuise, crossvise, an) 45° indicate that varp ywrns on face Plies were parsllal, perpeaiicler, end at b0, mp;;ﬁwh,mla:at;aftenmm
Wmmgummm{m) inatesd of In usual hoodsonte) mancer (flatwise).
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TABLE IX.~ FLEXURAL MODULTS OF ELASTICITY OF COXTPON-FARRIC
FHENOLIC SHEET LAMINATES

¢epe NI VOVH

Floonnel n?dulnl of elenticity, Flexurel modulua of elasticity, Flaxnural l{ﬂulusngd.' alesticity,
sogtiviee croeavias st 45
—— Eh) (b) (b)
designation | grge ftandnrd | Cosfficlent af | Rumber Bterdard | Coefficient of |Mumber Standend | Coefficient of
of Aversge, arror, vyeristion, of Avernge, ervar, varintion, of kverage, error, varistion,
() ‘toxta pel pal peresnt tegta ped psi percent tests pad pol percant
anL-16 ¥ | 1.28x 16| 0.026 x 106 %5 5 | 1.0% x 205 0.0%6 x 206 E'B 16 | 6.90 x 105 | 0.055 x 105 5.5
AAS-16 5 |1.10 010 2.1 5 99 OB .8 L) .Sh .016 5.9
HHL-16 20 19k .01k 6.7 7 95 .015 6.6 20 N: 010 5.1
gpa-16x % .} 027 1.9 12 «90 .01k 6.0 13 ;] 011 h.g
gpo-Bx 5 [1.10 008 1.6 1.13 050 8.8 5 {103 013 2.
gRa- 5 .90 -018 W1 3 97 006 1.3 5 88 .018 k.6
ogpa-kx L] L] 025 1.0 5 R} 036 9.6 5 T 010 2.8
AB3-16% 0 (1.0 020 5.8 o i.a2 .018 5.1 1 | L.o8 0k 5.0
an3-6r 5 |1 0% 7.0 5 |11 .026 LR ‘; 1.06 02k ;.o
aB3-kr 5 |1.03 <022 ».8 5 | 102 .012 2.7 L] ok 015 3.6
ac1-16x [ 'g 011 3.0 5 .00 o1 | W3 5 78 0% 8.8
8c1-82 5 ~02h .6 n 0o o17 k.6 5 .76 .00T 1.9
ac1-hx - J— ] 5 01L 2.9 & .030 T.3
8ce-16x g 8 013 3.k 5 50 .01h 5.3 5 N. -} 020 5.6
80282 5 a7 .a15 5.5 5 9% .016 5.8 5 N: .01k 3.7
gCe-4x - —— 5 [1.00 013 3.3 5 86 005
gc3-16Y n 8 012 LR 10 N: .01 [ ] 10 .86 013 h.B
9 |1.03 .018 5.2 10 | 1.00 .016 5.2 10 .56 011 3.7
— —— 1 | 1.09 012 3.k 10 | L0 .013 k.0
ap1-16 % |ila .02h k.8 5 | 132 031 6.2 10 .96 2009 3.0
4x1-8 15 .91 004 2.1 10 97 006 1.9 10 K 008 2.7
8rL-16 5 |1.20 oa;a x.z 5 .99 .030 6.8 1 | 1.0% .012 5.8
gr2-16 5 |1.16 0 6. [ N ) 089 7.2 1 |1l.03 .032 9.5
Bavarags thickmass and mmbar of sheets represemted are given In table VIXL.
bieogtindss, arosswiss, and st 450 indicats that werp yorme o face pldes were parallsl, perpendicnler, and at b5°, rempactively, to length of test
apecimen.

Cpacimens tasted with lswina wertical (edgawime) instesd of in mmusl horizomtel memer {Flstvise).
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TABLE XT.- TENSTLE PROP¥RTTES OF CHANRETS ARD AMGLES MOLDED QF

COTTON-FAERTC PHENOLIC LAMNIRATES

Teneile modulus of elamsticlty,

Tensile modulus of elasticity,

Te“ﬂ‘;afmsth repge from O to 2,500 pal renge from 0 o 5,000 pai
Soaple (a) (a)
designation [Rumber gtandmrd |Comfficlant of [Mumber Stemdard |Coefficlent of |Humbex dtandard |Cosfficient of
of Awr;ge, arror, variation, of A“r:m’ exTor, varistion, of .tvcr;ge, error, variation,
teste g pal percent testa s psi perceat tapts L psi percent
NRL-16 w | 6000 | 20 .0 1 0.8 x 106|0.039 x 106 5.7 1w [0.68 x 1660.035 x 106 15.4
NE1-8 12 | 7,000 2o 1.7 12 | 5% 046 17.0 1= | .; .038 16.3
MBL-4 12 | 7,000 120 5.7 12 | .9% .02% 8.2 1w | .2 .018 7.6
MB2-16 T | 5,900 1m0 TS T | -8 014 b7 7 | 68 .020 8.0
MR2-8 8 | 6,700 260 11.0 6 .92 .0% 8.5 6 .78 043 13.6
NE2-h 8 | 6,500 9 3.9 8 | .98 .027 8.0 8 | .60 014 k.9 N

Song dimension of spesoimen wes parallsl to length of chemmels and angles.
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TABLE XTT.- FLEXURAL PROPERTIES OF CHANNELS ABD ANGLES MOLIED

OF COTTON-FARRIC PHEROLTC LAMINATES

Flaxural strength

Flexural modulus of eleaticity

KBS semple Side of {s) (=)
designetion | FPeCimen | gper Standard | Coefficient of | Fumber Standard Coefficient of
in tenalon of Average, | error, variation, of Average, error, variation,
tests pei pei percent teats psl pei percent
MEDL-16 Molded 12 14,900 640 1E.o 10 | 0.70 x 10° | 0.033 x 105 .7
Machined 12 13,300 560 1.6 1 ST .0%9 17.2
MEL-8 Molded, 12 16,200 680 1.5 1z .85 030 12.k
Machined hh | 14,800 540 12.2 11 .66 021 8.3
ME1-L Molded 12 14,800 220 5.2 12 .79 015 6.4
Machined 12 13,600 270 6.7 12 ;1 .013 5.4
MB2-16 Molded 12 1k, 200 370 9.0 6 .69 031 10.9
Machined 12 14,400 210 5.1 ) | 7 .02k 6.2
MEB2-8 Molded 12 15,500 250 6.5 12 .19 015 6.7
Machined n 13,400 370 9.2 1 .1 .019 7T
MEB2-h Molded 12 15,400 120 2.6 12 55 .008 3.5
Machined 1w 13,200 220 5.7 12 05 .008 3.3
Brong dimension of specimens wes parallel to length of channels end angles.
{ £l L] ]
N | 1

8¢
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TABLE XIII.- DIFFERENCES IN STRENGTH PROFERTIES BETWEEN FLAT SHERT

SAMPLE SB2 AND CHANNELS AND ANGLES MOLDED OF COTTON-FAERIC

DHEIINT. TM T, AMITNATTM
LENNVLLLY LTI L R

[:Differences are expressed as & percentage of wvalues for flat sheets.:l

Difference in

Difference in tensile

Difference in

Difference in flexural

tensile secant modulus of flexural modulus of
NBS sample strength, elasticity; renge, strength, elasticity,
deeignation | lengthwise, 0 to 2,500 psi, lengthwise, lengthwise,
percent percent percent percent
MB1-16 -38 -17 -20 -15
MB2-16 -39 -2, -2% -16
MB1-8 Ty ~2h -22 -23
MB2-8 -3 -25 -26 -28
MRBL-4 =31 -5 -15 -12
MB2-4 =32 -5 -12 -8

¢2g¢e ML VovN
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TAELE XIV.~ FLEXURAL STRENIE] (OF FUAT SHEETS POSTFORMED

THM WNIED V-PANETS

‘ Flearal strength of Fleaara)l wtrength of
n"’g_:hl :n'wthl of formerly 45° curved formerly 900 curved Strength ratio
[ section section
NBS senpla [Orientation, of Lan Al lann
designaticn dag load |pensls ey Ladi Eadl
o Lt i IR il T s IR P e TP b N A il b b
tosts | PIL ped. | [POTO| ooy, | PSE pai | [PoEeemt|i s | Pl gt [PeTeemt oy | Amt [curvea
(a) (v) (e) (e) (c) |section|section|sectio
MOL-16XR 0 |- 1 7 [920,800 20 1.5 — | — — — | e [ == —— | e | e | -
PCL-16IR 0 Comvex | 3 26 | 20,000 | 250 6.3 21 | 13,50 | & 2.8 12 | 13,k0 | T B.2 | 0.68 | 0.67 | 0.9
PCL-16XR 4] Concave| 3 32 | 20,400 | 150 5.3 25 | 15,500 | 150 4.6 % | 12,200 | 10 L Y 87 .60 .76
| PCL-16x3 s Convex | 3 29 | 18,300 | 110 3.2 28 | 20,0 | 200 5.3 % | 21,k00 | 210 3.6 | a1 | 137 1.gﬁ
i PCL-16X3 23 Concave| 3 2 | 18,100 il 2.3 28 | 13,900 95 3.6 % [ 13,700 91 2.9 T .65 .
PCL-16XT 90 Convex | % % | 20,000 | 140 b0 3 |6,100 | 90 0.1 19 | 15,%0 | T80 22,1, .80 .T6 .96
PCL-16XT 90 Concave| & » | 20,200 | 10 3.5 3% (35,80 | 110 4.3 2 | 12,200 a 3.1 .76 .60 .79
|
MO2-16YR '+ S PUSO 1 7 [9e2,200 | 30 5.0 P [ ——- - —_——] — JUNER NN U g
MC2-16Y8 1,3 ——| 1 7 |d18, K10 6.0 - | | —- —— - | ——— —— JUNIEE IS S I
MC2-16YT = I [ —| 1 7 |49, 630 3.0 [ R - —— — | — —- PRI, (UVIRNS IO N,
PC2-16YR 0 Comvex | 3 15 | ;600 | 200 3.5 15 | 2,500 | 370 6.6 R 23,000 | k0 9.1 |1.00 | L.06 | noT
PC2-16YR 1] Concave| 3 15 | 21,200 30 6.0 A | 16,000 | 210 4.9 12,k00 | 160 b9 - . .78
FC2-1613 i3 Couvex | 3 i3 [ 38,000 | 110 25 | 13 E‘G,E 300 56 | 13 8,50 3B 6.3 | L35 [1i.27 1.1
FCR-16Y8 [T Comave| 3 1% | 17,100 | 12 3.0 15 |13, 120 3.4 1% (1,100 | 1w 5.1 . .65 .80
PC2-161T 90 Convex | % 15 | 20,k00 | 350 1-5 15 |a,ko | 320 5.9 15 [ 23,000 | 500 0.0 ]1.05 |113 | 1.07
PC2-161T %0 Concave| 3 5 | 19,700 | 30 6.9 15 [1s,k00 | 220 5.5 15 | 12,%0 | 1k A 78 | .63 .8

*oriembation of warp yarn o lodgittlinal axls of moldsd V-section.

Dlosd gpplied et center of furmer curve; longitodinal sxis of former aurve vam at 590° to langth of test spaoimens.
%V, coafficlext of variatiom.

Gp) ezural strength of flst section prier to postforming.
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TARLE XV.~ JIEEAL NOOTE OF ELAYICEPY OF FLAT CHENTH

PONTPCEMED FEONM WHDED V-PANELS

Fleaxral modulns
| CEE = - A M
Sercgwiicn | et | | pmesa| P o | W
T e = T R - Rl I A S I Tl B gl ol By

- w | ® - i A G N T | (| e,
2-160R o —_— 2 T |%.eh k26 o0 wb]| 6

PCL-162R o toavex | 3 13 Y 009 9 12 [0.8x1050.0%ex 105 2 1w omaxf|ooexuwft| 15 [oe | 0w | o
FO1-16X8 [ Concawe | 3 16 .58 N1 12 12 B 01T 7 ® T3 026 ® K.} 7 :
PO-16T8 5 Coryex 3 16 83 <015 T 1 ] il ] T 14 85 Wik T 8T 50 im
PC-16x8 W feomam| 5 | 8 | . a0 5 | » | otk T | n | s .18 8 | w | w | e
PC-1672 90 Oomvex L3 es .95 007 8 a0 B 006 1k o 1] .08 7 R . <O
POL- 160w 9% Coucam | b .3 96 010 n 2 ) L) L] a N -} .017 11 .88 N, .58
HCR-161R o —— 2 o.m . 9 R (SR S - [P [, I - e | e | —
Wee-168 » _— 8 .00 O 9 - —_— ] - — e | = | — e | —
n02-16r% %0 —_— 1 7 |2 oy - |———_——— - T Ll B e N T e
PCa-1672 L] Oomvex | 35 13 [ L8 -] 3 5 |18 028 9 13 {118 ] 8 |00 | Loo | .00
PCR-181R o camonve | 3 3| 118 .19 13 % |08 03k 12 | .9 o 8 .92 N: 52
PCR-16YB L4 Cotivex 3 bl .99 015 3 15 |18 2% 8 % 136 Oh& 15 1.7 1.7 1.00
POS-16T8 L Conesve | 3 L] 9 018 7 1w | . o 5 1 90 0% 16 .96 o1 95
POR-15T %0 Convax 1 1% L.0% 0l 1 1% (L3 .- 8 13 (11, 085 9 1.0 1.07 98
PCR-367T 90 Conesve | 3 b1} 1.01 Q27 10 1 .93 25 10 15 1.1 B o O 0 R}

Sorientation of warp ymn to longitoiiss] mcls of noldsd Y-sscticn.

%mum«mmnwmlmwmmmuwwmamwm.

%cY, ooefrisient of veristiom.

‘ﬂmnl-ﬂlﬂnnfﬂutmﬂ'd'ﬂltncummnmm
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TAHLE XVI.- WATER ABIOBFTIQY OF PARTS FROM MOTJED V-PANELS

RERNDE AN AWTED
S WA S

A A L AT

Water ebeorption of Water shecrptiom of T
initind or former initiel, ox £ Watar absorption
CF Fi sackion o svd o i et
RS sowrils m-m:‘r;tm Pﬂ""‘,""iz, = | | e
deaignation] " '
ke Hombar of] Avexrage, Renge, Komber of| Aversge, Hange, Fumbex of|Average,, Range, CT w::;uﬂ. ::";;g
panels |percant percent penels  |pervent percent paneis |percent pereent; Pixt flat  |curwd
{=) {b) {a) {c) (e) section [section|section
MCL-16XR ¢} 2% h 2.95 |2.80 to 3.10 L 2,90 |2.80 to 5.00 5 2.88 | 2.80 to 3.00| 0.99 | 0.98 | .99
MCD-16XR o k8 1 h.38 — 1 T 1 b Y L 97 | L.02
NC1-16LR 0 ki 1 I R —— 1 kol | 1 4, m—————a| .9 97 93
HCD-16X8 b5 o4 5 i.oo 8.64 o 3.42 5 2 g 2.57 to 2.9% 5 2,62 | 2.5 to 2.71| .2 .8 .95
NCL-16X8 5] A8 1 03 | 1 383 |- 1 389 | ~— -l 96 .92 .96
¥CL-16x8 1) T2 1 852 |amcee 1 ) L/ S R ——— 1 550 | ——— .99 9% .96
MC1L-167T 90 2 & 3. 2.95 to 3.60 2 2.79 |2.76 %o 2.60 3 2.65 | 2.68 to 2.94| .87 B | 1o
MC1-157T [+4) 8 i . e 1 —— e m——— 1 o6 | —— e r—— N R
MCL-163T % T2 1 5.86 |ommimemeee| 1 O3 |l 568 | e & -T9 | a5
PCL-16XR 0 = 5 329 |3.0: %o 3.78 5 3.65 |30k to 3.83 5 k37 | 3.9% to 1.85) 1.1% | 1.37 | 1L.20
PCL-16X3 55 24 E 3.28 |[3.12 to 3.% E 3.3l |2.8% to 3.58 I3 3.95 | 3.4% to 43| 201 | 1.20 | 1.19
hysalielS @ 2k 4 2.93 l2.82 t0 3.2k L 332 13.0L 40 388 L xo8 lzm04p b ool zax | 3.2 1a.00
w1678 0 8 5 5.45 |59 %0 T.15 5 5.2] (h.52 to 6.38] 5 473 3.88 to 5.66 a 87 - I
MC2-164R 0 ] 1 5. —————— 1 6.1 S 1 1 5.8 | e | .88 ok
Lyc2-18m 4 0 TR 1 Tl [emmrameaem 1 [N i [S—— 1 6.9 | e | .Ch .88 ok
M2-1638 ] 2% 5 B.Z'r 8.58 t0 8.88 ] 7.99 {7.62 to 8.h1 4 T.-20 | 6.8 to 7.60] .91 ;-3 90
MC2- 1638 55 48 1 9.63 | ——rem-— — 1 8.8 | 1 T34 | oo | .32 .78 &
MC2-16X8 35 T2 1 Y- T P, 1 9.28 |————m— 1 T |~ 92 .78 8

S3mplas FCL and PC2 were postformed from saples MCL and MC2.
borientation of warp yarn to longltudinel ads of molded V-section.
CThree similer specimens wars taken from each panel.

Cape NI VOVN



TARLE XVI.- WATER ARSORFTICH OF PAETS FROM MOTDED V-PANELI
BEFOHE AND AFTER FOSTFUEMING - Concluded

Water nbeorption of Water sbscrption of

Water absorptian initinl or formarly imitiel or forwer: Water abearptlion
of flat section 159 curved mection 900 curved cection rablo
Pariod of
KBS momple |Oriantation, |gyepmion, L5 900 900
designation dag hr norved |curved |curved
Number of [Avorepe, Rengs, Humber of |Average, Renge, Eunber of| Averags, Renge, to to to b50
penels |percemt percant pamels |percent perecent pansls |percent percent flat riat  |ocurved
(=) (b) {0) (e) (0) section|ssction|sacticn
HE2-16 S0 24 5 B.o& |7.22 to 8.63 5 6.87 |6.18 to 7.88 ] 6.79 |6.30 to 7.28| 0.85 | 0.B% | 0.99
Me2- 162 90 &8 1 BeB9 |mmmmmmaaaae 1 L 5 Y . 1 L5 R [ 85 B3 97
MC2-16xD 9 T2 1 9.26 | ——mmmen - 1 15 J E——— - 1 L |- R E—— —| .8 .83 .99
PC2-16¥R 0 2l 3 6.65 |[5.56 to 7.79 5 6,23 |5.45 to 6.86 5 6.27 [%5.18 to 6.87| .o& A )
PC2-16XB 1] 2h 5 8.20 |7.59 to B.oy 3 T.TT |7-h6 to T.9% 5 B2 [7.8% to 9.60| .95 | L.01 | L.0T
BC2-163T 90 2h 5 7.85 |7.52 to 8.09 5 7.10 |6.18 o 7.53 L] 745 |7.2% to T.60] .91 .95 | 1.05
Ratio of valuss for postforwsd to valunes for original panels
BCL to MC1 0 25 - 1.09 [~sr———m - L2 | e - 1.8 |t —— T
hs 2k - L.08 |~ e - b - R —_— - 150 | memcunnenan m—— | - —_—
50 24 - 0.5 |=—rem—nsiomam - b 1 [ - b 10§ I POSUNENE [ . —
PC2 to MC2 0 2l - 1,22 |emeemmmmmnn - 2,19 | —crmmeemm - b, - [——— —— ——— ———
%] 2k - -1 N [N - N/ [ —— - I I, ) N e I I
0 2k - - S [SE——— —~ - b "I USE— - - 110 | —————- —_] | =~ | -

8gewplea POL and PC2 were postformed fram semples MCT and MCE.
hmmmmmmpmtomtmummmvnum.
Cphres similer specimens were taken from oach penel.
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TAELE XVII.- COMPARTSCN OF MECHAWICAL PROFERTIES OF THREE ORIENTATIONS OF

COTTON-FARRIC PHENOLIC SHEET LAMINATES

Ratlo for property value in direction Iindlcated to that of lengthwiee oriemtation

HES & -
S Ml;ign Orientation Tengile Tensile modulus of elasticity for range Pensile | ¥l al rmuu:;-a.(])_f
SErength 19 to 2,500 psi | 0 to 5,000 psi | O o 7,500 psi | STFEIn | strength | o) o) ey

8a1-16 Lengthwise 1.00 1.00 1.00 — 1.00 1.00 1.00
Crosswise T8 92 .91 — 97 .8 .88

50 .76 .90 .88 — .90 .81 .6

BA2-16 Lengthwise 1.00 1.00 1..00 ———— 1.00 1.00 1.00
Crosswice .99 9T .99 ——— 1.05 .9k .90

450 .99 -90 .91 —— -7 .92 55

8B1-16 Tengthwise 1.00 1.00 1.00 — 1.00 1.00 1.00
Crosswlse .85 01 .39 ——— 1.23% .92 .99

50 .08 N1 8L —_—— 1.70 B .91

gB2-16X | Lengthwise 1.00 1.00 1.00 ——— ——— 1.00 1.00
Crosswise 1.01 .99 1.00 S _— 1.01 1.10

Lso .88 .91 .93 — ——— .06 1.04

882-8x Tengthwise 1.00 1.00 1.00 1.00 ——— 1.00 1.00
Crosawise .89 .95 93 .93 ——— 1.00 1.03

52 .84 . 85 B S .93 .9k

SB2-Ux Lengthwise 1.00 1.00 1.00 1.00 —— 1.00 1.00
Crossvise 1.08 1.05 1.09 1.17 ——— 1.03 1.08

350 1.00 1.01 1.02 1.11 —— -9k 1.11

8B3-16f | Lengthwise 1.00 1.00 1.00 1.00 ——— 1.00 1.00
Crossvise .90 .96 97 .94 — 1.00 1.05

450 B 97 .01 1.04 _——— <04 1.01

L 1

LRL BN I
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TARLE XVIT.- COMPARTSON OF MECHANICAL PROPERTIES OF THHEE ORTENTATIONS OF

COTTCN-FABRIC PHENOLIC SHEET LAMINATES - Coneluded

Ratlio for property value In dlrecticn Indicated to that of lengthwise orientation

gﬂ Bemﬂ.:n Orientation |p. o410 Tensile modulus of elasticity for range - |n. ... | g ol Flexural
B [ R N Ty [N RRS Jor Pt R N m.OG.UJ.'U.B of
BLEEDSYE 10 to 2,500 pei |0 to 5,000 pal | 0 to 7,500 psi | ®W=H | BWEPEY | elasticity

8B3-8Y Lengthwlse 1.00 1.00 1.00 1.00 s 1.00 1.00

Crosswise .8 1.03 1.01 1.02 ——— .93 .96

h5° <7 -98 .97 .98 - -8 .91

8B3-4Y iengthvise 1.00 1.00 1.00 1.00 —— 1.00 1.00

Crossvise 1.02 .99 1.01 1.03% —— 1.00 .99

450 .79 .87 .50 .95 — .84 .91

8D1-16 Lengthwise 1.00 1.00 1.00 R 1.00 1.00 1.00

Crosawlse .90 1.05 1.0% —— 1.13 1.0L 1.00

45° .90 -92 .90 e 1.39 93 -6

8E1-8 Tengthwise 1.00 1.00 1.00 — 1.00 1.00 1.00

Crosswise .98 1.07 1.07 ———— 1.07 1.0k 1.07

450 BT .92 94 — 1. .96 1.00

SF1-16 Lengthwise 1.00 1.00 1.-00 -— 1.00 1.00 1.00

Crosswise .56 .41 T —-——= .92 .03 .bBe

450 .62 85 .8 R .50 .5 .87

gr2-16 Lengthwise 1.00 1.00 1.00 —— 1.00 1.00 1.00

Croaswise 46 .67 .55 —— 1.23 .70 69

)50 49 .78 S ———— 1.k2 .70 .91

¢2ge NI VOVN
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L-935L48
Flgure l.- Molded V-sections, samples MCLl and MC2.
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L-93549
Figure 2.- Postforming blank and emmmition chute part postformed fram
blank (semples SBL and PGl, respectively).
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I~-93550
Figure 3.- Postforming blank end ammnition chute part postformed from

blenk (samples SBL and PG2, respectively).
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NACA TN 3825 49

TENSILE
SPECIMENS

B2

B3
B4

| AI|A2 BS

Figure L4.- Orientation of specimens from flat sheets, samples SC1, s8c2,
and SC3.



NACA TN 3825
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Figure 5.- Orientation of specimen:s from molded angles and chamnels B
samples MBl and MB2, respectively.
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FLEXURE SPECIMENS

TOP VIEW
! I i [ by '
L3 syl sl Loy,
mrdhmmg ->|(——>= 1> “> | l<——>|
45° 90° 45°!FLAT; 45° 90° 45° |FLAT!

LINE OF CURVATURE
~——— EDGE OF TEST SPECIMEN

/" \ FRONT VIEW
———\’——A s

BEFORE POSTFORMING AFTER POSTFORMING

WATER— ABSORPTION SPECIMENS

Figure 6.- Orientation of specimens from molded V-sections and flat panels
postformed from V-gections, samples MCL and MC2 and samples PCl and
PC2, respectively.
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52
O LOADING NOSE APPLIED ON FORMER CONVEX SIDE
A LOADING NOSE APPLIED ON FORMER CONCAVE SIDE
22x103
20—f | o
I8
e FLAT SECTION
| | |
4 13 50
-~ 22%103
e 20 o
o 20 45° BEND FLATTENED
T s
O
z 4= o A
12 '
- | |
<
g 9% a5 90
=
2
] X 103
T 22Xl1o fo)
20—
18—
16— o
S e 90° BEND FLATTENED
i2—A A A
oLl | ]
o 45 90

ORIENTATION OF FLEXURE SPECIMEN LENGTH WITH
RESPECT TO WARP YARN IN OUTER PLY, DEG

(a) Strength against direction of warp yarn in specimens.

Figure T7.- Variation of flexural strength of postformed curved sections,
sample PCl.
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NACA TN 3825
O  LOADING NOSE APPLIED ON FORMER CONVEX SIDE
A  LOADING NOSE APPLIED ON FORMER CONGCAVE SIDE
22x103 ]
20—@
18— WARP YARN PARALLEL
16— A TO SPECIMEN LENGTH
‘4= o o
12— A
1o | |
0 45 90
7
E 20— ®)
= 18— WARP YARN 45° TO
T 16— SPECIMEN LENGTH
? 14 A
2
& 12— A
& ) 45 90
-
[
22x103
20— WARP YARN PERPENDICULAR
18— TO SPECIMEN LENGTH
(e Q o
14—
12— A
1o | I
o 45 90

ANGLE THROUGH WHICH CURVE WAS POSTFORMED, DEG

(b) Strength against postforming bending angle.

Figure T.- Concluded.
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O  LOADING NOSE APPLIED ON FORMER CONVEX SIDE
A LOADING NOSE APPLIED ON FORMER CONCAVE SIDE
22x'03
e,
20 R
I8 Q
Ie FLAT SECTION
L1 | 1
14— 25 20
103
@ 20L—
a
18
I
5 16 —A A
g tep—
E e 45° BEND FLATTENED
[/2]
oL | 1
= o) 45 90
2 i3
24X10
w
(@) o
z 22 o
20—
18— 90° BEND FLATTENED
18—
14— A
'Zr—A A '
oL n |
0 45 90

ORIENTATION OF FLEXURE SPECIMEN LENGTH WITH
RESPECT TO WARP YARN IN OUTER PLY, DEG

() Strength against direction of warp yarn in specimens,

Figure 8.- Variation of flexural strength of postformed curved sections,
sample PC2.
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NACA TN 3825
O  LOADING NOSE APPLIED ON FORMER CONVEX SIDE
A  LOADING NOSE APPLIED ON FORMER GONGCAVE SIDE
24x103
20— WARP YARN PARALLEL
18 — TO SPECIMEN LENGTH
16— A
14—
12— A
1oLl | |
0 45 90
pr
& 24x%xi03 o
E 22—
% 20— o
2 |a—2 WARP YARN 45°
AT TO SPECIMEN LENGTH
-
12—
g [ | A
e 197 45 90
24x103 o
22— o WARP YARN
208 PERPENDICULAR TO
18— SPECIMEN LENGTH
= A
14—
12l | &
0 45 90

ANGLE THROUGH WHICH GURVE WAS POSTFORMED, DEG

('b) Strength against postforming bending angle.

Figure 8.- Concluded.
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O LOADING NOSE APPLIED ON FORMER CONVEX SIDE
A LOADING NOSE APPLIED ON FORMER CONGCAVE SIDE

l.oanf
o WARP YARN PARALLEL
S TO SPECIMEN LENGTH
a 8 2
e« o)
- I l Y
r T 25 90
S
-
2] 1.0Xx106
o WARP YARN 45°
w .9 TO SPEGCIMEN LENGTH
2 A ©
- 8t— A A
3
b T , I J
) 45 90
a
x 6
g lOxio WARP YARN
] PERPENDICULAR TO
[T
o8 SPEGIMEN LENGTH
Q
8 A
- r_ O
| | |
7% 25 90

ANGLE THROUGH WHICH CURVE WAS POSTFORMED, DEG

(e) Sample PC1.

Figure 9.- Variation of flexural modulus of elasticlty of postformed curved
sections wlth postforming bending angle.
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FLEXURAL MODULUS OF ELASTICITY, PSI

O LOADING NOSE APPLIED ON FORMER GCONVEX SIDE
A LOADING NOSE APPLIED ON FORMER CONCAVE SIDE

6
|.2x'?9 o o
WARP YARN PARALLEL
Wl A TO SPEGIMEN LENGTH
Lo A
| L |
.9 o 45 90
1.2X106
O (@)
- WARP YARN 45°
TO SPECIMEN LENGTH
Lo
A
oll | _A
*0 a5 90
.2X108
O
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Figure 10.~ Effect of postforming on water absorption of molded V-sections,
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Figure 11,- Difference in water absorption of molded V-sectlons before

and after postforming.
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